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ABSTRACT 
 
Economic openness under globalisation process has been instrumental for recent increased 
transfer of both production and consumption activities across countries.  Such transfers may have 
been shifting associated environmental effects from one country to another.  In this paper, we 
have developed a structural model of the relationship between economic growth and 
environmental quality.  We decompose the environmental Kuznets curve (EKC) relationship by 
breaking down net environmental effect of economic activities into three major determinants: 
scale, composition and abatement effects.  We have incorporated additional variables such as, 
trade openness, foreign direct investment (FDI) and technological changes in our model to 
examine the effects of economic openness on the economic growth-environmental relationship.  
We find that trade openness reinforces increasing scale effect; FDI pushes inverted U-shape of 
composition effect upward; and technology seems to result in stronger abatement effect.  The 
improvement of environmental quality under globalisation will thus require stronger abatement 
measures in order to offset increased detrimental scale and composition effects.  But stronger 
abatement measures need better access to modern technologies and therefore, modern technology 
dissemination is a pre-requisite for improvement of environmental quality. 
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1. Introduction 
 
In the 1960s environmental issues re-emerged with the ‘limits to 
growth’ debate, which questioned the feasibility of continued 
economic growth.  Counter arguments are put forward that 
technological advancement could overcome environmental limits to 
growth. In the 1980s question of inter-generational equity led to the 
notion of sustainable development.  The environmental Kuznets curve 
(EKC) hypothesis has been used against the concern of sustainability 
issue in the early 1990s.  The EKC hypothesis refers to an inverted U-
shaped relationship between economic growth and some 
environmental quality indicators.  This hypothesis states that the 
economic growth that initially tends to increase environmental 
degradation1 would eventually redress it towards the later stage of 
development with higher economic growth.  This relationship thus 
tends to conclude that faster economic growth could eventually solve 
the global environmental problems.  Following the usual convention, 
we measure economic growth in terms of rate of change in a country’s 
level of gross domestic product (GDP). 
The EKC debate has recently led to a large literature 
contributed by many researchers2.  Most studies have examined effect 
of changes in GDP per capita on the environmental quality.  Some 
also have used additional variables such as, population density, per 
                                                     
1 Environmental degradation could be the result of  air pollution (measured by carbon 
dioxide, sulfur dioxide, suspended particulates, carbon monoxide, nitrite oxide, dark 
matter etc.), water pollution (measured by dissolved oxygen, fecal coliform, total 
coliform etc.), deforestation and others. 
2 Grossman and Krueger (1991), (1995), Selden (1994), Selden and Song (1994), 
Cole et al. (1997), Ekins (1997), Johnstone (1997), Moomaw and Unruh (1997), 
OECD (1997), Panayotou, (1997), De Bruyn et al. (1998), Kaufmann et al. (1998), 
Torras and Boyce (1998), Unruh and Moomaw (1998), Islam et al. (1999), 
Munasinghe (1999), van Veen-Groot and Nijkamp (1999) and others. 
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capita GDP growth rate, average per capita GDP of a number of 
years, etc. Panayotou (1997) and few others have used policy 
variables, such as ‘contract enforceability’, as underlying factors 
behind the EKC relationship.  It seems that important socio-political 
variables, such as democratic and political rights, that may have 
strong impact on environmental quality, have been omitted. 
The empirical results of the EKC relationship in the existing 
studies are not always unequivocal, nor there a consensus on the 
underlying explanations (Barbier, 1997: 370; de Bruyn and Heintz, 
1999: 665). One could then naturally ask the question why such a 
relationship exists and how it could be intervened.  The mechanism by 
which economic growth first aggravates the environment and then 
renders improvement is not yet well explained.  Existing studies are 
generally based on reduced form single equation model, which has its 
inherent limitations.  It could not explain much insight into the 
underlying structural causes of relation between economic growth and 
environmental quality.  It masks socio-political diversities and “hides 
more than it reveals since income level is used as a catch-all 
surrogate variable for all the changes that take place with economic 
development” making it as a ‘black box’ (Panayotou, 1997: 466).  
Therefore, studies based on reduced form single equation model 
seem to have very little scope for policy prescription for the 
environmental improvement. Some authors such as Arrow et al. 
(1995), Grossman and Krueger (1995), Kaufman et al. (1995), Ekins 
(1997), Stern (1998), de Bruyn and Heintz (1999) and others have 
suggested formulation of structural model of the EKC relationship in 
order to obtain more insight of the underlying interacting forces that 
explain this relationship. 
In section 2, the EKC relationship is decomposed in order to 
break down net effect of economic activities on environmental quality 
and to develop a structural model for analyzing economy-environment 
relationship to overcome this limitation.  In section 3, a structural 
model is developed.  We incorporate economic policy variables as 
well as socio-political variables (such as, adult literacy rate, popular 
democratic rights) to explain the underlying causes of the relationship.  
We extend the model in section 4 with international trade.  Description 
of data with their sources is presented in section 5.  We test our model 
of the EKC relationship using data from 1973 to 1997 for 128 
countries and present results in section 6.  A conclusion with 
recommendations follows in section 7.   
 
2. Decomposition of EKC 
 
In absence of much insight behind the EKC relationship, various 
authors, by following either theory, intuition or empirical results, identify 
several forces that seem to be acting behind the EKC relationship.  de Bruyn 
and Heintz (1999) summarize these forces in terms of peoples’ behavioral 
changes and preferences;  society’s structural, institutional, technological and 
organizational changes at different levels; and international relocations of 
consumption and production.  Using the above explanations, a few authors 
have decomposed EKC relationship by breaking down net effects of 
economic growth into its scale, composition and abatement effects in order to 
explicitly identify the underlying determinants of the economy-environment 
relationship.  Following Ekins (1997), Panayotou (1997) and others we have 
identified and analyzed three major determinants of environmental impact 
resulting from economic activities: 
 
scale effect, 
structural or composition effect, and 
abatement effect 
 
Scale effect 
Economic growth results in increased levels of resource use, waste 
generation, and pollution emissions unless appropriate abatement 
measures are taken.  Therefore, larger the scale of economic activity, 
the higher is likely to be the level of pollution.  
Composition effect 
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Economic growth generates structural transformation in economic 
activities3.  Sectoral shares in total GDP change as economy grows. 
Share of manufacturing sector first increases and then it gradually 
declines, while service sector gradually grows with increase in 
economic growth.  Pollution intensity differs from sector to sector.  
Manufacturing sector is more energy and resource intensive than 
service sector.  It makes manufacturing sector usually more pollution-
intensive than agricultural and service sectors.  As a result, energy 
and resources use increases at an increasing rate with increase in 
manufacturing activities and environmental degradation likely to 
increase at an increasing rate with economic growth.  However, as an 
economy switches more and more to services, relative intensity of 
energy and resource use in production and consumption are likely to 
grow less rapidly than output and with further increase in economic 
growth, environmental degradation likely to increase at a decreasing 
rate.  Thus, environmental quality changes with structural 
transformations driven by economic growth. 
 
Abatement effect 
Net pollution in a country is an outcome of pollution generation and 
pollution abatement.  Abatement measures are determined by 
demand and supply factors.  There is an ‘Engel’s law-type’ 
relationship between income and demand for environmental quality 
(Selden and Song, 1994; Panayotou, 1997; Islam et al. 1999).  
Production, consumption and pollution are likely to be very low during 
the earliest stage of economic growth.  Marginal utility of consumption 
is very large during this period, while the marginal disutility of pollution 
is small.  People might prefer more consumption than cleaner 
environment, resulting zero-abatement.  With economic growth, 
                                                     
3 It is widely assumed that at the earlier stage of development, countries specialise in 
the export of ‘natural resource-based product’. After accumulating some capital they 
specialise in the export of ‘labour intensive manufactured goods’ and with rapid 
growth, high savings and investment their specialisation transformed into ‘more capital 
intensive sophisticated technology products’. 
production, consumption and pollution will increase and the direct 
effect of economic growth on pollution might be large.  Several factors, 
such as rate of economic growth, peoples’ tastes and preferences will 
influence the duration of zero-abatement.  Once this phase is over, 
abatement effort will increase rapidly and marginal efficiency of 
abatement will be very high.  With faster increase in abatement, the 
marginal utility of consumption will decline and marginal concern over 
pollution will increase rapidly.  Eventually the marginal utilities will 
converge and yielding a J curve for abatement.  Selden and Song 
(1994), theoretically derived such J curve using basic neo-classical 
growth model as modified by Forester (1973)4.   
Economic growth on the one hand creates demand for pollution 
abatement and on the other hand enables to supply resources for this.  
It not only helps to acquire better technology for pollution abatement 
but also enables to establish and enforce environmental regulations. 
 
3. The Model 
 
Using the above decomposition of the EKC we shall now develop our 
structural model in this section.   
To decompose the environmental impact of economic growth 
into its determinants as mentioned in the above section, we define 
pollution as a composite variable in the following way.  Pollution level 
of a country is actual pollution emissions per capita (Bongraarts, 1992; 
Clark, 1992; Harrison 1992; Islam et al. 1999). 
 
 
 
 
 
                                                     
4 For theoretical derivation process see Coursey (1992); Selden and Song (1994) and 
Stokey (1998) 
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This could be written as follows: 
 
 
In the above definition, GDP-population ratio represents total change 
in the magnitude of economic activities, which could be termed as 
scale effect.  Pollution generation per unit of GDP changes with 
structural changes in the economic activities.  Potential pollution 
generation is total pollution generated in a country without any 
abatement process.  While actual pollution emission is net pollution 
generation after abatement process, if any.  Therefore, potential 
pollution generation-GDP ratio could represent composition effect.  
The actual pollution emission – potential pollution generation ratio is a 
pollution abatement measure which could represent abatement effect.  
Therefore, P, PS, PC, and PA in equation-1 could be identified as per 
capita pollution index, scale effect, composition effect, and abatement 
effect in pollution respectively. 
 
 
3.1  Model Specification 
(a) Scale effect function: 
Scale effect of environmental degradation stems from the economic 
activities of a country.  If higher economic activities deplete more 
(natural) resources, they may generate greater pollution.  Therefore, 
per capita GDP is used as an explanatory variable for scale effect.  In 
the current literature per capita GDP is either only or the main 
explanatory variable.   
Therefore, sale effect function is formulated as follows.  We 
considered it to be linear and quadratic in GDP per capita. 
         (+)   (+) (-) 
 
where Y is GDP per capita.  The signs under each of the variables 
indicate our expectations regarding the respective coefficient from the 
empirical analysis. 
 
(b) Composition effect function: 
Share of different sectors in GDP of an economy is a good reflection 
of the structure of economy.  Manufacturing sector being mostly 
responsible for polluting and resource depleting its share in GDP are 
used as an explanatory variable for composition effect.  Here 
manufacturing percentage in GDP will be a proxy for structural 
changes in the economy. 
Therefore, composition effect function is formulated as follows.  We 
consider it linear and quadratic in manufacturing share in GDP. 
        (+)       (-) 
( )
( ) *
A ctual P ollu tion E m issionP ollu tion per capita
P opula tion
A ctual P ollu tion E m issionG D PP ollu tion per capita
P opula tion G D P
=
=
* *Potential Pollution Generation Actual Pollution EmissionGDPPollution
Population GDP Potential Pollution Generation
    =         
* * (1)S C AP P P P=
2
0 1 2 (2)SP Y Yα α α= + +
2
1 2 (3)CP M Mβ β= +
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where M is the share of manufacturing sector in GDP.  The signs 
under each of the variables indicate our expectations regarding the 
respective coefficient from the empirical analysis. 
 
(c) Abatement effect function: 
Abatement effect is the result of environmental degradation control 
measures, which will be determined by the demand for better 
environment (demand side) and the supply of resources for better 
abatement (supply side).  With higher level of national income people 
tends to demand for better environment and a country is expected to 
divert more resources for abatement measures.  Thus both demand 
and supply sides of the abatement effect are directly influenced by 
national income level.  In addition, literacy level of a country could 
influence the demand for better environment.  The higher the level of 
literacy, the greater is likely to be the awareness of population for 
better environment.  Peoples’ preferences likely to change and thus 
people demand cleaner environment.  This might be manifested in 
policy-making process in democratic governing system. Therefore, 
popular democratic rights may have impact on the supply side of 
abatement effect.  Deacon (1999) and Torras and Boyce (1998) has 
shown that non-democratic government might have lower policy 
response for pollution control and therefore, turning point (if any) will 
be at a higher level of economic growth than under democratic 
government.  Harbaugh et al. (2000) and Eriksson and Persson 
(2002) theoretically proved such relationship between democracy and 
pollution.  Eriksson and Persson (2002) suggested including 
measures of democracy as an explanatory variable in EKC-regression 
(p 14). 
Therefore we specify abatement measures as a function of 
national income, literacy rate and popular democratic rights.  As there 
is a time lag between the rise in income and its transmission effect on 
the change in pollution level, the income variable we used is a lagged 
per capita GDP (I) as common in the current literature.  The 
specification of our abatement function, we use, is linear but quadratic 
in lagged per capita GDP. 
            (+)   (+)    (-)       (-)      (-) 
 
where I is lagged per capita GDP, L is literacy rate, and R is a 
measure of popular democratic rights.  The signs under each of the 
variables indicate our expectations regarding the respective coefficient 
from the empirical analysis. 
 
3.2 The Structural Equation: 
Substituting equation-2, equation-3 and equation-4 in equation-1 we 
find the following structural relation: 
 
 
 
 
 
2
0 1 2 3 4 (4)AP I I L Rδ δ δ δ δ= + + + +
( ) ( ) ( )2 2 20 1 2 1 2 0 1 2 3 4* *P Y Y M M I I L Rα α α β β δ δ δ δ δ= + + + + + + +  
2
0 1 0 0 1 1 0 1 2 0 1 3 0 1 4
2 2 2 2 2 2
0 2 0 0 2 1 0 2 2 0 2 3 0 2 4
2
1 1 0 1 1 1 1 1 2 1 1 3 1 1 4
2 2 2 2 2
1 2 0 1 2 1 1 2 2 1 2 3
2
1 2 4
P M MI MI ML MR
M M I M I M L M R
YM YMI YMI YML YMR
YM YM I YM I YM L
YM
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ
α β δ
= + + + +
+ + + + +
+ + + + +
+ + + +
+ 2 2 2 22 1 0 2 1 1 2 1 2
2 2 2 2 2 2
2 1 3 2 1 4 2 2 0 2 2 1
2 2 2 2 2 2 2
2 2 2 2 2 3 2 2 4 (5)
R Y M Y MI Y MI
Y ML Y MR Y M Y M I
Y M I Y M L Y M R
α β δ α β δ α β δ
α β δ α β δ α β δ α β δ
α β δ α β δ α β δ
+ + +
+ + + +
+ + +
( )20 1 0 2 1 1 20 1 2 3 42 2 2 2
1 2 2 1 2 2
*
M M YM
P I I L R
YM Y M Y M
α β α β α β δ δ δ δ δα β α β α β
 + += + + + +  + + + 
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By using reduced form coefficients (Π’s), we could rewrite the above 
composite equation as follows: 
 
To recover 10 structural parameters from 30 estimated reduced form 
coefficients, we use following 24 restrictions on the reduced form 
coefficients: 
 
 
3.3 Recovery of Scale, Composition and Abatement Effect 
The equation-6 will be estimated and using estimated parameters 
scale, composition and abatement effect functions will be recovered. 
 
3.3.1  Recovery of the scale effect function: 
Re-arranging equation-6 the scale effect function can be identified as, 
 
 Here scale effect in pollution is recovered using sample mean values 
of all variables except Y.  The first parenthesis of the above equation 
is its intercept, the second parenthesis is the coefficient of Y, and the 
last parenthesis is the coefficient of Y2 respectively.  The above 
function thus similar to the equation-2 and gives the predicted values 
of scale effect in P for different levels of Y. 
 
3.3.2  Recovery of the composition effect function: 
Re-arranging equation-6 the composition effect function can be 
identified as, 
 
2 2 2
1 2 3 4 5 6 7
2 2 2 2 2
8 9 10 11 12 13
2 2 2 2 2
14 15 16 17 18 19
2 2 2 2 2 2
20 21 22 23 24
2 2 2 2 2 2 2 2
25 26 27 28
P M MI MI ML MR M M I
M I M L M R YM YMI YMI
YML YMR YM YM I YM I YM L
YM R Y M Y MI Y MI Y ML
Y MR Y M Y M I Y M I
= Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π
+Π +Π +Π +Π
+ 2 2 2 229 30 (6)Y M L Y M RΠ +Π
6 16 26 01 11 21
2 7 12 17 22 27 1
6 16 26 01 11 21
3 8 13 18 23 28 2
6 16 26 01 11 21
4 9 14 19 24 29 3
6 16 26 01 11 21
5 10 15 20 25 30 4
(7)
(8)
(9)
(10)
δ
δ
δ
δ
δ
δ
δ
δ
Π Π ΠΠ Π Π= = = = = =Π Π Π Π Π Π
Π Π ΠΠ Π Π= = = = = =Π Π Π Π Π Π
Π Π ΠΠ Π Π= = = = = =Π Π Π Π Π Π
Π Π ΠΠ Π Π= = = = = =Π Π Π Π Π Π
2 2
1 2 3 4 5 6
2 2 2 2 2
7 8 9 10
2 2
11 12 13 14 15 16
2 2 2 2 2
17 18 19 20
2
21 22 23 24 25 2
ˆ ˆ ˆ ˆ ˆ ˆ
ˆ
ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
S
M MI MI ML MR M
P
M I M I M L M R
M MI MI ML MR M
Y
M I M I M L M R
M MI MI ML MR
 Π + Π +Π +Π +Π +Π=   +Π +Π +Π +Π 
 Π + Π +Π +Π +Π +Π+  +Π +Π +Π +Π 
Π +Π +Π +Π +Π +Π+
2
6 2
2 2 2 2 2
27 28 29 30
(11)
ˆ ˆ ˆ ˆ
M
Y
M I M I M L M R
   +Π +Π +Π +Π 
2 2
1 2 3 4 5 11 12 13
2 2 2 2 2 2
14 15 21 22 23 24 25
2 2
6 7 8 9 10 16 17 18
2 2 2 2
19 20 26 27 28
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ
ˆ
ˆ ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
C
I I L R Y YI YI
P M
YL YR Y Y I Y I Y L Y R
I I L R Y YI YI
YL YR Y Y I Y I
 Π + Π +Π +Π +Π +Π +Π +Π=   +Π +Π +Π +Π +Π +Π +Π 
Π +Π +Π +Π +Π +Π +Π +Π+ +Π +Π +Π +Π +Π +Π
2
2 2
29 30
(12)
ˆ
M
Y L Y R
   + Π 
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Here composition effect in pollution is recovered using sample mean 
values of all variables except M.  The two parentheses of the above 
equation are the coefficients of the linear and quadratic terms of M 
respectively.  The above function thus similar to the equation-3 and 
gives the predicted values of composition effect in P for different levels 
of M. 
 
3.3.3  Recovery of the abatement effect function: 
Re-arranging equation-6 abatement effect function can be identified 
as, 
 
Here abatement effect in pollution is recovered using sample mean 
values of all variables except I, L and R.  The first parenthesis of the 
above equation is its intercept, and the other four parentheses are the 
coefficients of I, I2, L and R respectively.  The above function thus, 
similar to the equation-4 and gives the predicted values of abatement 
effect in P for different levels of I, I2, L and R. 
 
4. Structural Model with Economic Openness 
 
Environmental resources are used as inputs in the process of 
production.  Increased production increases depletion of scarce 
natural resources.  Environment is also used as a sink for wastes 
generated in the process of consumption.  Thus, increased economic 
activities lead to more and more use of environmental resources in 
both production and consumption processes.  As a result 
environmental degradation such as air-and water-pollution when 
unabated, has a tendency to worsen.  Both production and 
consumption increases through international trade. 
International trade is a means of improving economic efficiency 
and welfare.  With international trade a country might produce more 
goods and services from same inputs due to specialization depending 
on its comparative advantage.  International trade enables to 
transform domestic resources into exportable.  Opening up of any 
economy makes a country suitable for relocation of production 
process due to comparative advantages.  Thus international trade 
enables countries to transfer consumption as well as production 
among themselves.   
Recent phenomenon of globalisation has intensified 
internationalisation of markets.  It contributes to the following : 
expansion of world output and changes its composition, shift in 
location of both production and consumption activities, larger foreign 
investment flows, increase in overseas commercial transactions of 
primary and intermediate products, trans-border export of final 
products, dissemination of modern technologies and so on.  
International trade, foreign investment flows (including foreign direct 
investment), and technology transfer are in particular the most visible 
parts of globalisation process (OECD, 1997: 23-7) and instrumental 
for transfers of both production and consumption across countries. 
Such transfers of production and consumption among countries may 
shift associated environmental effects from one country to another, 
which could have negative externalities in the recipient country.  
Whether total environmental degradation increases or not depends on 
the capacity of internalisation of such externalities by the recipient 
country.  Such internalisation of externalities could be achieved by 
( )
( )
( )
( )
2 2 2 2 2
1 6 11 16 21 26
2 2 2 2 2
2 7 12 17 22 27
2 2 2 2 2 2
3 8 13 18 23 28
2 2 2 2 2
4 9 14 19 24 29
2
5 10 15
ˆ ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ
AP M M YM YM Y M Y M
M M YM YM Y M Y M I
M M YM YM Y M Y M I
M M YM YM Y M Y M L
M M YM
= Π +Π +Π +Π +Π +Π
+ Π +Π +Π +Π +Π +Π
+ Π +Π +Π +Π +Π +Π
+ Π +Π +Π +Π +Π +Π
+ Π +Π +Π +( )2 2 2 220 25 30ˆ ˆ (13)YM Y M Y M RΠ +Π +Π
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overcoming institutional – market5 as well as policy6 – failures.  
However, if institutional failures differ between countries, 
environmental damage will be redistributed among themselves 
through international trade and FDI. 
Through efficient use of resources, international trade creates 
economic gains and thereby higher real income among the 
participating countries.  Higher income usually generates peoples’ 
demand for better environment. A nation with higher income not only 
may be more willing to pay for internalisation of externalities but also 
could be able to divert more resources for better environment.   
Reduction of environmental damage depends more on success of 
overcoming institutional failures than on international trade.  With 
successful internalisation of externalities, international trade could 
increase efficiency of resource use and thereby income, which in turn, 
contributes to the reduction of environmental degradation (Robertson, 
1994: 2-6). 
In the following section we examine the likely impacts of 
international trade, FDI, and technology transfer on environment.  
Increased economic activities due to international trade, change in the 
recipient countries’ composition of production due to FDI, and change 
in abatement measures driven by greater accessibility to modern 
technologies will be captured through the scale, composition, and 
abatement effects respectively.  Therefore, the scale, composition, 
and abatement effect functions described earlier in equation-2, 
equation-3, and equation-4 need to be rewritten as follows: 
 
4.1 Model Specification with Economic Openness 
(a) Scale effect function: 
                                                     
5 Market failure is a result of inability of internalisation of costs of pollution in the cost 
of production or in the prices to consumers. 
6 Government failure is a result of negative consequences of any government 
program such as subsidy. 
Recent empirical studies7 observed that the opening up of an 
economy is likely to achieve economic growth due to larger 
economies of scale in production and positive spillover effects 
emanating from technological developments in industrial countries.  
We therefore add a trade openness index as an explanatory variable 
on scale effect function to reflect the impacts of international trade. 
Therefore, equation-2 can be reformulated as follows to obtain sale 
effect function with international trade: 
       
           (+)   (+)      (-)  (+) 
 
where Y is GDP per capita, T is trade openness.  The signs under 
each of the variables indicate our expectations regarding the 
respective coefficient from the empirical analysis. 
 
(b) Composition effect function: 
International trade facilitates transfer of production and consumption 
as well as foreign direct investment (FDI) inflows and outflows.  FDI 
inflows may change scale and composition of production and thereby 
the structure of recipient economy.  Similarly FDI outflows may 
change the structure of the FDI-origin economy.  But these structural 
changes may differ between the FDI-origin and the FDI-recipient 
countries.  If dirty production units are transferred through FDI 
outflows, then it will have an environmentally positive structural 
change in the FDI-origin country and an environmentally negative 
structural change in the FDI-recipient country. 
Therefore, equation-3 can be reformulated as follows to obtain 
composition effect function with international trade: 
 
                                                     
7 Dutta and Ahmed (Forthcoming) and others 
2
0 1 2 3 (14)SP Y Y Tα α α α= + + +
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   (+) (-) (+ or -) 
where M is the share of manufacturing sector in GDP and F is the 
percentage of FDI in GDP.  The signs under each of the variables 
indicate our expectations regarding the respective coefficient from the 
empirical analysis.  Due to probable different impacts of FDI in 
recipient and FDI-origin country, sign of FDI coefficient is expected to 
be positive in case of recipient country and negative in case of FDI-
origin country. 
 
(c) Abatement effect function: 
International trade and FDI not only change scale in production, but 
also make environment-friendly technology more accessible.  This 
may help a country to achieve greater efficiency in use of energy and 
resources in the one hand and to adopt better abatement measures 
on the other hand.  This could enhance supply-side of abatement 
effect.  Iinternational environmental regulations8 associated with 
international trade might also influence abatement efforts.   A time 
trend (t) may capture effects of the above supply-side forces related to 
abatement effect.  Equation-4 can, therefore, reformulated as follows 
to obtain abatement effect function with international trade: 
           (+)  (+)    (-)   (-) (-)     (-) 
                                                     
8 International trade has some environmental conditional ties, such as environmental 
standard etc, especially after creation of WTO. 
 
where, t is the time trend variable used as a proxy to the effects of 
international trade and FDI.  The coefficient signs in the parentheses 
under each of the variables are our expectations from empirical 
analysis. 
 
4.2  The Structural Equation with Economic Openness: 
Substituting equation-14, equation-15 and equation-16 in equation-1 we find 
the following structural relation: 
 ( ) ( ) ( )2 2 20 1 2 3 1 2 3 0 1 2 3 4 5* *P Y Y T M M F I I L R tα α α α β β β δ δ δ δ δ δ= + + + + + + + + + +  
( )
2
0 1 0 2 0 3
2
1 1 1 2 1 3 2
0 1 2 3 4 52 2 2 2
2 1 2 2 2 3
2
3 1 3 2 3 3
*
M M F
YM YM YF
P I I L R t
Y M Y M Y F
MT M T FT
α β α β α β
α β α β α β δ δ δ δ δ δα β α β α β
α β α β α β
 + + + + + = + + + + + + + +  + + + 
 
 
 
 
 
 
 
 
 
 
 
2
1 2 3 (15)CP M M Fβ β β= + +
2
0 1 2 3 4 5 (16)AP I I L R tδ δ δ δ δ δ= + + + + +
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We could rewrite the above equation as follows by using notations for 
reduced form coefficients: 
 
 
 
 
 
 
 
 
To recover 13 structural parameters from 72 estimated reduced form 
coefficients, we use following 60 restrictions on the reduced form 
coefficients:  
 
 
 
 
2 2
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2 2 2 2 2
2 1 0 2 2 0 2 3 0 3 1 0 3 2 0 3 3 0
2 2
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α β δ α β δ α β δ α β δ α β δ α β δ
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α β δ α β δ α β
= + + + + +
+ + + + + +
+ + + + + +
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1 3 2 2 1 2 2 2 2 2 3 2 3 1 2
2 2 2 2
3 2 2 3 3 2 0 1 3 0 2 3 0 3 3
Y FI MTI M TI
FTI MI M I FI YMI YM I
YFI Y MI Y M I Y FI MTI
M TI FTI ML M L F
δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
+ +
+ + + + + +
+ + + + +
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2 2 2 2
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2 2
2 3 3 3 1 3 3 2 3 3 3 3 0 1 4
2 2
0 2 4 0 3 4 1 1 4 1 2 4 1 3 4
2 2 2 2
2 1 4 2 2 4 2 3 4 3 1 4
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YML YM L YFL Y ML Y M L
Y FL MTL M TL FTL MR
M R FR YMR YM R YFR
Y MR Y M R Y FR MTR
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ
+ + + + +
+ + + + +
+ + + + +
+ + + + 23 2 4
2 2
3 3 4 0 1 5 0 2 5 0 3 5 1 1 5 1 2 5
2 2 2 2
1 3 5 2 1 5 2 2 5 2 3 5 3 1 5
2
3 2 5 3 3 5 (17)
M TR
FTR Mt M t Ft YMt YM t
YFt Y Mt Y M t Y Ft MTt
M Tt FTt
α β δ
α β δ α β δ α β δ α β δ α β δ α β δ
α β δ α β δ α β δ α β δ α β δ
α β δ α β δ
+
+ + + + + +
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+ +
2 2 2 2 2
1 2 3 4 5 6 7 8
2 2 2
9 10 11 12 13 14 15
2 2 2 2 2
16 17 18 19 20 21 22
2 2 2 2 2 2 2 2
23 24 25 26 27 28 29
30
P M M F YM YM YF Y M Y M
Y F MT M T FT MI M I FI
YMI YM I YFI Y MI Y M I Y FI MTI
M TI FTI MI M I FI YMI YM I
Y
= Π +Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π 2 2 2 2 2 2 2 2 2 2 231 32 33 34 35
2 2 2
36 37 38 39 40 41 42
2 2 2 2 2
43 44 45 46 47 48
2 2 2
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2
56
FI Y MI Y M I Y FI MTI M TI
FTI ML M L FL YML YM L YFL
Y ML Y M L Y FL MTL M TL FTL
MR M R FR YMR YM R YFR Y MR
Y M
+ Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π 2 2 257 58 59 60 61
2 2 2 2 2
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2 2
69 70 71 72 (18)
R Y FR MTR M TR FTR Mt
M t Ft YMt YM t YFt Y Mt Y M t
Y Ft MTt M Tt FTt
+ Π +Π +Π +Π +Π
+Π +Π +Π +Π +Π +Π +Π
+Π +Π +Π +Π
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4.3  Recovery of Scale, Composition and Abatement Effect 
 
The equation-18 will be estimated and using estimated parameters 
scale, composition and abatement effect functions will be recovered. 
 
4.3.1  Recovery of the scale effect function: 
Re-arranging equation-18 the scale effect function can be identified 
as, 
 
 
 
 
 
 
 
 
 
Here scale effect in pollution is recovered using sample mean values 
of all variables except Y, and T. The first parenthesis of the above 
equation is its intercept, the second and third parentheses are the 
coefficient of Y and Y2 respectively.  The last parenthesis is the 
coefficients of the T.  The above function thus similar to equation 3 
and gives the predicted values of scale effect in P for different levels 
of Y, and T. 
 
4.3.2  Recovery of the composition effect function: 
Re-arranging equation-18 the composition effect function can be 
identified as, 
3 5 6 7 8 9 10 01 2 4 11 12
13 14 15 16 17 18 19 20 21 22 23 24 1
3 5 6 7 8 9 10 01 2 4 11 12
25 26 27 28 29 30 31 32 33 34 35 36 2
3 5 61 2 4
37 38 39 40 41 4
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δ
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Π Π ΠΠ Π Π= = = = =Π Π Π Π Π Π ( )7 8 9 10 011 122 43 44 45 46 47 48 3
3 5 6 7 8 9 10 01 2 4 11 12
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3 5 6 7 8 9 101 2 4 11 1
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21
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δ
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72 5
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δ=Π
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 Π + Π +Π +Π +Π +Π +Π = +Π +Π +Π +Π +Π +Π   +Π +Π +Π +Π +Π 
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ˆ ˆ ˆ ˆ ˆ
Y
M t Ft
M M F MI M I FI MI
M I FI ML M L FL MR T
M R FR Mt M t Ft
     + Π +Π 
 Π +Π +Π +Π +Π +Π +Π + +Π +Π +Π +Π +Π +Π   +Π + Π +Π +Π +Π 
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Here composition effect in pollution is recovered using sample mean 
values of all variables except M and F.  The first two parentheses of 
the above equation are the coefficients of the linear and quadratic 
terms of M respectively.  The last parenthesis is the coefficient of F.  
The above function thus similar to equation 4 and gives the predicted 
values of composition effect in P for different levels of M and F. 
 
4.3.3  Recovery of the abatement effect function: 
Re-arranging equation-18 the abatement effect function can be 
identified as, 
 
 
 
 
 
 
 
 
Here abatement effect in pollution is recovered using sample mean 
values of all variables except I, L R and t.  The first parenthesis of the 
above equation represents its intercept, and the other five 
parentheses represent the coefficients of the I, I2, L, R and t 
respectively.  The above function thus similar to equation 16 and gives 
the predicted values of abatement effect in P for different levels of I, I2, 
L, R and t. 
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5. Description of Data and their Sources 
 
P (pollution index) 
Only pollution of carbon dioxide is considered in this study (but the 
model could be used for any pollution index).  Since carbon dioxide is 
the main atmospheric gas which contributes to global warming (84%) 
(Madden, 1980; Seitz, 1995: 108; EIA, 1998).  On the other hand data 
for wide range of countries for longer period of times are available for 
carbon dioxide only.  Data are for per capita carbon dioxide emissions 
from fossil-fuels (in metric tons of carbon). 
Source: Carbon Dioxide Information Analysis Center9, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee 37831-6335, USA 
(http://cdiac.esd.ornl.gov/ftp/ndp030/).  
 
Y (per capita GDP)  
Per Capita GDP based on exchange rates is used.  While some 
researchers used GDP per capita based on exchange rates and 
others used GDP per capita based on purchasing-power-parity, we 
use GDP per capita based on 1995 exchange rates for two reasons: 
(a) to increase data range up to most recent time and for larger 
number of countries, and (b) because Arrighi and Drangel (1986), 
Korzeniewicz and Martin (1994) and others argued that “exchange 
rate GDP better captures a country’s control over the world product 
and its power in trade networks” (Roberts and Grimes, 1997: 192).  
The only best source for GDP in PPP data is Summers and Heston 
(1991) has data up to 1992.  On the other hand, GDP data taken from 
World Development Indicator 2000 on CD-ROM (World Bank, 2000) 
has data up to 1999.  GDP data measures total output of goods and 
services for final use occurring within the domestic territory of a given 
country.  Data are in constant 1995 US dollars and dollar figures are 
converted from domestic currencies using 1995 official exchange 
                                                     
9Data for Norway, Democratic Republic of Congo and Republic of Congo are taken 
from IEA (1999). 
rates.  Per capita GDP is calculated by me using total GDP and total 
population data taken from same source.  Many authors used GDP 
data from the World Bank data base10. 
Source: World Bank (2000). 
 
M (share of manufacturing sector in GDP) 
Industries belonging to International Standard Industrial Classification 
(ISIC) divisions 15-37 are included in manufacturing data.  Value of 
net output of a sector is calculated by adding values of all outputs and 
subtracting intermediate inputs.  Compensations for depreciation 
fabricated assets or depletion and degradation of natural resources 
are not accounted.  The ISIC revision 2 is used to determine the origin 
of value added in a sector. 
Source: World Bank (2000). 
 
I (lagged per capita income) 
Three years average of per capita GDP. 
 
L (literacy rate) 
People aged 15 and above who can understand, read and write a 
short, simple statement on their everyday life are considered as 
literate. 
Source: World Bank (2000). 
 
R (measures for popular democratic rights) 
Popular democratic rights data are constructed by adding data on 
political rights and civil liberties constructed by the Freedom House, 
USA.  Barro (1996), Torras and Boyce (1998), Barrett and Graddy 
(2000), Bhattarai and Hammig (2001) and others used similar 
measures.   
                                                     
10 Panayotou (1997); Roberts and Grimes (1997); Agras and Chapman (1999); and 
others. 
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Freedom House constructed index of political right and civil liberties 
for each country and the scales for both are from 1 to 7. Score of 1 is 
for most free and 7 for least free.  Therefore, lower value of R 
indicates higher popular democratic rights and higher value indicates 
lower popular democratic rights.  Freedom House selected 8 items for 
political rights and 14 items for civil liberties.  Political rights are 
considered as peoples’ ability to participate freely in the political 
process and respective items are selected to measure it.  Similarly 
civil liberties are considered as “freedoms to develop views, 
institutions and personal autonomy apart from the state” (Freedom 
House web page) and respective items are selected to measure them.  
For each item each country is awarded a raw point of 0 to 4.  
Therefore one country could have a highest possible score of 32 for 
political right and 56 for civil liberties.  In final stage a country is 
assigned a final score for each of two categories on the basis of the 
following table.  Final score for both political rights and civil liberties 
are summed together to make an index for popular democratic rights.  
Thus the value of this index ranges from 2 to 14, where a value of 2 
reflects a country with the most political and civil liberties and a value 
of 14 reflects a country with the least of such freedom.  We reverse 
the order of these indices and use as popular democratic rights 
variable in our analysis.  Reversing in order make result interpretation 
easy and comparable with other variables. 
Source: Freedom House, USA (http://www.freedomhouse.org). 
 
 
T (trade openness index) 
We use trade openness index as a measure of the degree of 
international trade because of wider data availability.  It is the 
percentage of total value of trade in GDP.  Total value of trade is the 
sum of exports and imports of goods and services. 
Source: World Bank (2000). 
 
F (foreign direct investment) 
It is the percentage of total value of net inflows or outflows of FDI in 
GDP. 
Source: World Bank (2000). 
 
t (time trend) 
Data from 1973 to 1997 are used. For some countries data are not 
available for this duration and in those cases data of available years 
are used.  We make time trend variable using last two digit of each 
year, such as 73 for the year 1973, 74 for the year 1974 and so on. 
 
Countries covered  
This paper uses annual data from 128 countries.  Selected countries are 
divided into three categories according to their income per capita as 
grouped by the World Bank.  They are high income (per capita GNP of 
US $9,266 or above), upper middle income (per capita GNP of US 
$2,995 - $9,265), and poor countries consisting of lower middle 
income (per capita GNP of US $756 - $2,995) and low income 
countries (per capita GNP of US $755 or less). 
 
6. Estimation Techniques and Results 
 
In order to recover the estimated values of the respective parameters 
in scale, composition and abatement functions, two composite 
equations: (Equation-6 and Equation-18) have been estimated using 
their two versions: fixed- and random effects.  The fixed effects 
approach takes a group specific constant term (as slope parameters) 
in the model.  The random effects approach takes those group specific 
constant terms as group specific disturbances.  However, there is a 
constant term identical for each group and for all periods in the 
random model.  Both fixed- and random-effects models have their 
limitations.  In fixed effects model, slope parameters are estimated by 
using mean deviated values of the individual variables.  Thus it loses a 
large number of degrees of freedom (equal to the number of 
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countries).  The random effects model has been criticized because of 
its assumption of no correlation between individual country effects and 
included variables (regressors).  The Hausman test was performed to 
determine whether random effects model is preferred to fixed effects 
model.  Here the null hypothesis is that there is no correlation between 
individual country effects and included variables.  Large value of the 
Hausman statistic indicates that the fixed effects model is preferred to 
random effects model. (Hausman, 1978; Hsiao 1986; Baltagi, 1995; 
Greene, 1997). 
 
Estimated coefficients are presented in the Table-2 and Table-
3 in appendix-111.  We find that fixed effects are preferred in case of 
both models.  We find more than 60 percent of regressors are 
significant at least at the 10 percent level in both models.  There is a 
danger of multicollinearity among regressors which are multiplicative 
combinations of seven underlying variables.  But the statistical 
significance of most of these regressors and high values of R2 (0.989) 
are, however, noteworthy.   
We use above coefficients of the two composite equations in only 
estimating scale, composition and abatement effect functions for the 
models with and without international trade.  Hence magnitude and 
sign of individual parameter of the composite equations are of limited 
interest.  Values of estimated coefficients from Table-2 are plugged in 
Equation-11, Equation-12 and Equation-13 to recover scale, 
composition and abatement functions respectively (for the model 
without economic openness).  Similarly values of estimated 
coefficients of the Table-3 are plugged in the Equation-24, Equation-
25 and Equation-26 to recover scale, composition and abatement 
functions respectively (for the model with economic openness). 
 
 
 
                                                     
11 Available from author on request. 
6.1  Estimated scale effect: 
Plugging estimated values of coefficients from Equation-6 in Equation-
11, the structural equation of the scale effect function in the model 
without international trade becomes: 
 
 
Recovered scale effect equation is quadratic in Y.  It means that, with 
other factors remaining constant, carbon dioxide emission has a 
positive relation with GDP per capita in the first phase and has a 
negative relation in the second phase while mean per capita GDP is 
very large.  This indicates that environmental quality is degrading at a 
faster rate with increased economic activities and later at a 
diminishing rate at a very high level of per capita GDP.   
To obtain the scale effect function with economic openness, 
we estimate Equation-18.  Using its estimated values of coefficients in 
Equation-24, we get the following scale effect function: 
 
( )
2ˆ 3.80 4.43 0.05 0.23 (28)S With Economic OpennessP Y Y T=− + − +
 
This shows that carbon dioxide emission has a positive relation with 
trade openness.  If a nation opens up its market more and more, the 
scale of economic activities might increase and enhance scale effect 
of pollution.  
Partial effect of increase in per capita GDP on carbon dioxide 
emission is predicted using Equation-27 and Equation-28 at different 
levels of per capita GDP (keeping other variable constant at its sample 
mean value).  Corresponding graph is presented in Figure-1.  It is 
found that the level of scale effect on pollution is higher with economic 
openness at all levels of per capita GDP.  Indicating that scale effect 
( )
2ˆ 24.66 5.68 0.06 (27)S Without Economic OpennessP Y Y=− + −
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of pollution might aggravate with increased economic activities 
induced by international trade. 
 
6.2  Estimated composition effect: 
To obtain structural equation of the composition effect function, we 
use estimated values of coefficients of Equation-6 in Equation-12. 
Thus, the composition effect function becomes: 
 
The recovered composition effect equation is quadratic in 
manufacturing percentage in GDP (M).  It means that, with other 
factors remaining constant, carbon dioxide emission has a positive 
relation with manufacturing percentage in GDP in the first phase and 
has a negative relation in the second phase while mean M is still 
increasing12.  On the other hand, environmental quality is degrading 
with initial changes in economic structure and improving later. 
 
Now, we derive the composition effect function with economic 
openness by using coefficient estimates of Equation-18 in Equation-
25: 
 
( )
2ˆ 134.14 120.15 92.65 (30)C With Economic OpennessP M M F= − +
 
As we heave noted earlier, the FDI component (F) of economic 
openness is relevant for composition effect and we find its positive 
relation with carbon dioxide emissions.  It is also noteworthy that if a 
country has a net FDI outflows, the value of ‘F’ will be negative.  In 
other words, FDI outflows from a country may indicate better 
environmental management.   
                                                     
12 Structural change takes place with relatively smaller contribution from agricultural and service 
sectors. 
Partial effect of increase in manufacturing percentage in GDP 
on carbon dioxide emission is predicted using Equation-29 and 
Equation-30 at different levels of manufacturing percentage in GDP 
(keeping the value of F constant at its sample mean).  Corresponding 
graphs of predicted values of carbon dioxide emissions are presented 
in Figure-2.  It shows that composition effect on pollution is stronger 
and with an early turning point in the model with economic openness.  
In other words, if a country opens up its economy to international 
trade, carbon dioxide emission seems to increase initially and 
diminished quickly in later stage.   
 
6.3  Estimated abatement effect: 
Inserting estimated values of coefficients of Equation-6 in Equation-
13, the structural equation of the abatement effect function becomes: 
 
 
 
 
Recovered abatement effect equation is quadratic in lagged per capita 
GDP (I).  It means that, with other factors remaining constant, carbon 
dioxide emission has a positive relation with lagged per capita GDP in 
the earlier stage and has a negative relation in the later stage.   
As we have noted in section-3, both adult literacy (L) and democratic 
rights (R) have some influence on a country’s environmental policy 
measures.  Equation-31 shows that environmental quality has a 
negative relation with both adult literacy and popular democratic 
rights.  It might be that higher level of adult literacy generates 
awareness for better environment and create demand for better 
environmental policies which in turn helps to improve environment.  
Similarly, better democracy help to manifest better environmental 
policy and thus helps to improve environmental quality. 
( )
2ˆ 167.96 425.16 (29)C Without Economic OpennessP M M= −
( )
2ˆ 16.54 0.77 0.20 10.01 0.02 (31)A Without Economic OpennessP I I L R= + − − −
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To find the structural equation of the abatement effect in our model 
with economic openness, we have estimated Equation-18.  Using 
estimated values of coefficients in equation-26, the following 
abatement effect function is found: 
 
( )
2ˆ 9.55 0.46 0.04 13.61 0.03 0.003 (32)A With Economic OpennessP I I L R t= + − − − −
 
It shows that influence of economic openness through higher 
availability of technology has a negative relation with carbon dioxide 
emissions.  It might be due to higher availability of abatement 
technologies.  In addition to that, associated international 
environmental regulations related to international trade might also 
influence this outcome. 
Partial effect of increase in lagged per capita GDP (I) on 
carbon dioxide emission is predicted using Equation-31 and Equation-
32 at different levels of lagged per capita GDP (keeping other 
variables constant at their respective sample mean values).  
Corresponding graph is presented in Figure-3.  It is found that 
abatement effect on pollution is stronger with economic openness 
except for the initial level.  It might be that, initially a nation could be 
tempted not to take any abatement measure in order to gain 
comparative advantage in international trade.  Once a nation adopts 
abatement measures, its positive impacts become stronger and 
quicker.  It might be due to higher availability of abatement 
technologies with increased international trade.  International 
environmental regulations might also influence the outcome. 
 
7. Conclusion 
 
Although EKC debate has recently led to a large literature, empirical 
results could not explain much insight into the underlying structural 
causes of relation between economic growth and environmental 
quality.  Existing studies, generally based on reduced form single 
equation model, mask socio-political diversities and have very little 
scope for policy prescription.  Our structural model of the relationship 
is an attempt to overcome this limitation.  This model encompasses the 
decomposition of the economic growth-environment relationship in 
terms of scale, composition and abatement effects.  We define 
pollution as an outcome of multiplicative interaction of the above three 
effects and formulate individual specification of each of them.  We 
have estimated our model in two stages: firstly substituting functions 
of the three effects into pollution equation, we get its reduced form 
specification.  Then we estimate the reduced form equation with 
worldwide data of 128 countries.  Estimated coefficients of this 
reduced form relationship are used to recover values of the structural 
parameter.   
The estimated scale effect function is found to be increasing; 
but the abatement effect function declining; while the composition 
effect function follows an inverted-U shape.  All the estimated 
functions conform to our a priori theoretical expectations.  Our results 
imply that scale effect increases environmental degradation while 
composition effect first increases degradation and then helps to 
redress the degradation.  All these effects together explain the upward 
portion of the EKC relationship.  Abatement effect along with 
composition effect out-weighs the negative scale effect and thereby 
improving the overall environmental quality that explains the 
downward portion of the EKC relationship.  Thus, for the improvement 
of environmental quality favourable structural changes and determined 
environmental policy actions are necessary.  
Economic openness under globalisation process has been 
instrumental for recent increased transfer of both production and 
consumption activities across countries.  Such transfers may have 
been shifting associated environmental effects from one country to 
another.  To examine such effects, we have introduced economic 
openness into our model and estimated three functions – scale, 
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composition and abatement, in two stages as before.  We find that 
international trade reinforces increasing scale effect; FDI pushes 
inverted U-shape of composition effect upward; and only technology 
seems to result in stronger abatement effect.  The improvement of 
environmental quality under globalisation will thus require stronger 
abatement measures in order to offset increased detrimental scale 
and composition effects.  But stronger abatement measures need 
better access to modern technologies.  Therefore, the EKC 
relationship with a lower turning point and at a lower level of national 
income could be achieved by higher access to better technologies. 
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Table 1: Measures of popular democratic rights 
Score Political Rights 
(based on raw points) 
Civil Liberties 
(based on raw points) 
1 28 – 32 50 - 56 
2 23 – 27 42 – 49 
3 19 – 22 34 – 41 
4 14 – 18 26 – 33 
5 10 – 13 17 – 25 
6 5 – 9 9 – 16 
7 0 - 4 0 – 8 
Source: Freedom House web page 
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 Figure-1: Predicted curve for scale effect 
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Appendix-1 
 
Table 2: Detailed Results without Economic Openness 
 
Explanatory 
Variables 
Models 
 Pooled Regression Fixed Effects Random Effects 
M 
-9.362 
(-3.436) 
3.117 
(1.721) 
-1.994 
(-1.140) 
MI 
28.585 
(7.134) 
1.458 
(0.901) 
5.245 
(3.262) 
MI2 
-1.223 
(-2.486) 
-0.725 
(-3.887) 
-0.768 
(-4.132) 
ML 
-1.762 
(-0.792) 
-9.474 
(-5.340) 
-6.920 
(-4.120) 
MR 
-0.288 
(-2.064) 
0.101 
(1.390) 
0.060 
(0.838) 
M2 
27.602 
(2.391) 
-17.619 
(-2.595) 
-5.459 
(-0.823) 
M2I 
-85.564 
(-6.023) 
-8.171 
(-1.423) 
-18.792 
(-3.292) 
M2I2 
-5.737 
(-1.805) 
-1.908 
(-1.573) 
-1.826 
(-1.511) 
M2L 
14.035 
(1.375) 
27.639 
(4.113) 
22.928 
(3.516) 
M2R 
0.165 
(0.296) 
0.248 
(0.943) 
0.205 
(0.784) 
YM 
26.620 
(6.067) 
14.658 
(7.874) 
14.545 
(7.871) 
YMI 
-0.109 
(-0.115) 
0.416 
(1.156) 
0.234 
(0.652) 
YMI2 
0.048 
(4.534) 
0.032 
(7.585) 
0.036 
(8.502) 
YML 
-0.929 
(-0.563) 
16.584 
(17.043) 
13.310 
(14.083) 
YMR 
0.487 
(6.762) 
-0.030 
(-0.799) 
0.029 
(0.774) 
YM2 
79.768 
(5.041) 
47.114 
(6.907) 
50.103 
(7.418) 
YM2I 
-3.734 
(-0.640) 
0.786 
(0.351) 
1.561 
(0.699) 
YM2I2 
-0.172 
(-4.050) 
-0.155 
(-9.041) 
-0.163 
(-9.580) 
YM2L 
0.477 
(0.069) 
-44.196 
(-11.167) 
-38.507 
(-9.979) 
YM2R 
-1.333 
(-4.652) 
-0.226 
(-1.605) 
-0.358 
(-2.573) 
Y2M 
1.955 
(3.533) 
0.654 
(3.028) 
0.824 
(3.839) 
Y2MI 
-0.051 
(-4.862) 
-0.024 
(-5.765) 
-0.027 
(-6.501) 
Y2MI2 
0.0001 
(1.441) 
-0.0001 
(-3.994) 
-0.0001 
(-4.294) 
Y2ML 
-0.547 
(-5.381) 
-0.579 
(-11.858) 
-0.561 
(-11.640) 
Y2MR 
-0.017 
(-3.691) 
-0.011 
(-4.721) 
-0.012 
(-5.361) 
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Y2M2 
-4.901 
(-1.721) 
-5.535 
(-4.874) 
-6.138 
(-5.462) 
Y2M2I 
0.165 
(3.999) 
0.138 
(8.408) 
0.144 
(8.824) 
Y2M2I2 
-0.0001 
(-0.328) 
-0.0001 
(-1.532) 
-0.0001 
(-1.739) 
Y2M2L 
2.976 
(6.362) 
3.240 
(13.901) 
3.247 
(14.633) 
Y2M2R 
0.057 
(2.953) 
0.067 
(7.312) 
0.070 
(7.672) 
Constant 
0.895 
(10.493) 
 1.159 
(13.362) 
No of 
Observations 
2503 2503 2503 
R2 0.743 0.968  
df 127 
Likelihood 
Ratio 
5260.05 * * * 
F statistics 132.54 * * * 
LM statistics 6161.87 * * * (with 1 df) 
Hausman 
Statistics 
930.37 * * * (with 30 df) 
t-statistics are in parenthesis 
* * * significant at 0.001 level 
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Table 3: Detailed Results with Economic Openness 
 
Explanatory 
Variables 
Models 
 Pooled Regression Fixed Effects Random Effects 
M 
1.339 
(0.363) 
0.936 
(0.392) 
-8.645 
(-4.036) 
M2 
1.598 
(0.095) 
-13.199 
(-1.531) 
15.965 
(1.965) 
F 
8.405 
(0.652) 
-3.236 
(-0.599) 
-0.761 
(-0.143) 
YM 
-21.252 
(-4.747) 
-11.443 
(-5.982) 
-9.749 
(-5.286) 
YM2 
71.057 
(4.510) 
49.110 
(7.226) 
47.559 
(7.223) 
YF 
57.716 
(3.256) 
4.780 
(0.670) 
14.512 
(2.064) 
Y2M 
1.541 
(2.781) 
0.476 
(2.238) 
0.939 
(4.482) 
Y2M2 
-8.581 
(-2.790) 
-6.404 
(-5.433) 
-9.337 
(-8.043) 
Y2F 
6.490 
(1.282) 
2.949 
(1.557) 
3.351 
(1.793) 
MT 
-23.840 
(-4.837) 
6.030 
(2.165) 
3.693 
(1.388) 
M2T 
56.465 
(3.001) 
-16.253 
(-1.696) 
-15.490 
(-1.678) 
FT 
-16.042 
(-1.131) 
6.327 
(1.069) 
2.017 
(0.346) 
MI 
26.426 
(6.522) 
2.620 
(1.625) 
8.436 
(5.307) 
M2I 
-79.748 
(-5.704) 
-11.251 
(-2.011) 
-27.542 
(-4.993) 
FI 
-53.056 
(-3.020) 
-6.967 
(-1.014) 
-14.746 
(-2.170) 
YMI 
0.128 
(0.137) 
0.661 
(1.895) 
0.077 
(0.225) 
YM2I 
0.330 
(0.054) 
-0.537 
(-0.232) 
3.621 
(1.583) 
YFI 
-11.493 
(-1.112) 
-3.477 
(-0.902) 
-3.366 
(-0.883) 
Y2MI 
-0.050 
(-4.846) 
-0.027 
(-6.722) 
-0.034 
(-8.677) 
Y2M2I 
0.160 
(3.938) 
0.115 
(7.166) 
0.136 
(8.566) 
Y2FI 
0.121 
(1.763) 
0.049 
(1.892) 
0.028 
(1.071) 
MTI 
0.149 
(0.393) 
-0.610 
(-2.583) 
0.312 
(1.506) 
M2TI 
1.803 
(1.090) 
5.241 
(6.037) 
2.362 
(2.958) 
FTI 
0.212 
(0.258) 
-3.001 
(-7.983) 
-2.935 
(-8.335) 
MI2 
-1.088 
(-2.258) 
-0.983 
(-5.445) 
-0.835 
(-4.681) 
M2I2 
2.713 
(0.822) 
2.850 
(2.284) 
0.995 
(0.808) 
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FI2 
8.360 
(1.490) 
2.900 
(1.391) 
2.735 
(1.325) 
YMI2 
0.041 
(3.996) 
0.041 
(10.090) 
0.044 
(11.015) 
YM2I2 
-0.144 
(-3.492) 
-0.170 
(-10.280) 
-0.173 
(-10.635) 
YFI2 
-0.117 
(-1.714) 
-0.076 
(-2.903) 
-0.051 
(-1.957) 
Y2MI2 
0.0001 
(2.939) 
-0.0002 
(-7.834) 
0.000 
(-4.061) 
Y2M2I2 
-0.0003 
(-1.152) 
0.001 
(6.781) 
0.000 
(3.746) 
Y2FI2 
-0.0001 
(-0.275) 
0.0004 
(3.611) 
0.000 
(3.264) 
MTI2 
-0.020 
(-1.390) 
0.032 
(4.182) 
-0.002 
(-0.283) 
M2TI2 
0.039 
(0.620) 
-0.168 
(-5.412) 
-0.051 
(-1.769) 
FTI2 
-0.008 
(-0.223) 
0.092 
(5.195) 
0.096 
(5.681) 
ML 
0.139 
(0.035) 
-8.031 
(-2.511) 
4.108 
(1.575) 
M2L 
4.664 
(0.251) 
32.375 
(3.023) 
1.525 
(0.157) 
FL 
9.903 
(0.843) 
0.279 
(0.055) 
6.154 
(1.242) 
YML 
-7.677 
(-4.136) 
11.389 
(9.021) 
2.032 
(1.902) 
YM2L 
16.190 
(2.176) 
-43.627 
(-9.460) 
-20.387 
(-4.915) 
YFL 
3.981 
(0.577) 
0.849 
(0.284) 
0.706 
(0.241) 
Y2ML 
-0.287 
(-2.571) 
-0.411 
(-7.088) 
-0.322 
(-6.026) 
Y2M2L 
4.761 
(8.851) 
4.962 
(17.990) 
5.151 
(20.454) 
Y2FL 
-3.714 
(-4.338) 
-1.919 
(-5.073) 
-2.396 
(-6.541) 
MTL 
6.640 
(1.246) 
-4.381 
(-1.301) 
-7.939 
(-2.495) 
M2TL 
-24.411 
(-1.141) 
-2.713 
(-0.233) 
9.130 
(0.817) 
FTL 
-0.751 
(-0.062) 
-0.748 
(-0.148) 
-1.841 
(-0.368) 
MR 
-0.972 
(-4.814) 
0.109 
(1.034) 
-0.096 
(-0.938) 
M2R 
1.623 
(2.021) 
-0.251 
(-0.637) 
-0.379 
(-0.985) 
FR 
-1.370 
(-1.892) 
0.163 
(0.545) 
-0.478 
(-1.617) 
YMR 
0.216 
(2.724) 
0.035 
(0.896) 
0.122 
(3.214) 
YM2R 
-0.432 
(-1.438) 
-0.204 
(-1.424) 
-0.342 
(-2.466) 
YFR 
-0.810 
(-3.283) 
-0.001 
(-0.013) 
-0.018 
(-0.177) 
Y2MR 
-0.001 
(-0.213) 
-0.010 
(-4.199) 
-0.012 
(-5.077) 
Y2M2R 
-0.006 
(-0.317) 
0.043 
(4.594) 
0.043 
(4.729) 
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Y2FR 
-0.002 
(-0.146) 
-0.006 
(-1.132) 
-0.008 
(-1.724) 
MTR 
1.870 
(7.037) 
-0.224 
(-1.589) 
0.172 
(1.270) 
M2TR 
-4.260 
(-4.622) 
0.848 
(1.868) 
0.346 
(0.786) 
FTR 
0.251 
(0.499) 
-0.040 
(-0.190) 
0.083 
(0.402) 
MZ 
-0.358 
(-3.817) 
0.027 
(0.614) 
-0.131 
(-3.235) 
M2Z 
0.990 
(2.648) 
-0.034 
(-0.206) 
0.417 
(2.636) 
FZ 
0.227 
(0.765) 
0.021 
(0.165) 
0.043 
(0.350) 
YMZ 
0.188 
(6.907) 
0.040 
(3.203) 
0.127 
(11.000) 
YM2Z 
-0.600 
(-5.685) 
-0.192 
(-4.126) 
-0.471 
(-10.522) 
YFZ 
-0.469 
(-4.624) 
0.066 
(1.572) 
-0.091 
(-2.255) 
Y2MZ 
-0.007 
(-5.724) 
-0.003 
(-4.766) 
-0.006 
(-11.670) 
Y2M2Z 
0.017 
(3.830) 
0.010 
(4.826) 
0.021 
(10.429) 
Y2FZ 
0.018 
(3.818) 
-0.001 
(-0.324) 
0.005 
(2.739) 
MTZ 
0.296 
(2.366) 
-0.039 
(-0.701) 
0.040 
(0.745) 
M2TZ 
-0.497 
(-1.075) 
0.284 
(1.415) 
0.070 
(0.354) 
FTZ 
0.418 
(1.591) 
-0.136 
(-1.254) 
0.007 
(0.067) 
No of 
Observations 
2503 2503 2503 
R2 0.789 0.975  
df 127 
Likelihood Ratio : 5336.16 * * *   
F statistics : 134.75 * * * 
LM statistics : 6517.11  * * * (with 1 df) 
Hausman Statistics : 1989.84  * * * (with 72 df) 
* * * Significant at 0.001 level. 
t-statistics in parenthesis 
 
 
 
 
